Evidence from many laboratories has established that ribulose diphosphate carboxylase (RDPC), EC4.1.1.39, catalyzes the primary fixation of carbon dioxide in most autotrophs. Thus, the fate of the enzyme in facultative organisms growing heterotrophically has posed some interesting questions in regulatory biology. It is now clear that, in general, levels of this catalyst are decreased by growth on organic substrates (1, 2, 10, 13, 15, 24, 33) . Although repression has been implicated (25) to account for these gross variations in levels of RDPC, little is known about other factors which contribute to the variation in its level during the autotrophic to heterotrophic conversion.
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facilis (24) . Although a high specific activity was noted for organisms grown under strictly autotrophic conditions, growth on sugars resulted in comparable levels of this enzyme. Because largescale autotrophic cultivation of the hydrogen bacteria is difficult, this retention of RDPC was of interest. The observation suggested that H. facilis grown on sugars would be an excellent source of RDPC for purification trials. However, subsequent work in our laboratory on both H. facilis and H. eutropha established that the specific activity of RDPC varied as much as 30- (23) , except that fructose was autoclaved separately in deionized water and filter-sterilized FeCl3 .6H20 was added to a final concentration of 0.0008%7. H. eutropha was cultured autotrophically on medium described by Repaske (32) . Provision of H2, 02, and CO2 during starvation studies and during autotrophic growth of both species was as described by McFadden Repressive effect of high aeration on RDPC. When autotrophically grown H. eutropha was transferred to fructose medium and subsequently aerated at a rapid shaker speed, RDPC activity declined in accord with the expectation for cessation of synthesis and dilution by growth (Fig. 2) . These results suggest that high aeration represses RDPC synthesis. Similar data have also been obtained with Hydrogenomonas H16 (7) and Pseudomonas oxalaticus (31 failed to arrest RDPC destruction. In all cases, after more than 30 min of starvation, there always remained a residual "constitutive" level of RDPC activity.
The observed decrease of RDPC activity in H. eutropha was accompanied by a sevenfold increase in 30 min in extracellular material absorbing at 260 m,u. This material had a 280:260 m,u absorbancy ratio of 0.55, implying some breakdown and release of intracellular material. However, RDPC could not be detected extracellularly. It is well-known that viability of pseudomonads is retained during extended starvation (6; R. E. Hulbert, Master's Thesis, Univ. of Southern Calif., 1959), and a recent report has confirmed this for Hydrogenomonas H-16 (12) .
Factors affecting RDPC loss during starvation of H. eutropha. In an effort to identify requirements for expression of the RDPC inactivating process, cells grown to mid-exponential phase on fructose were subjected to fructose starvation in the absence of other growth substrates. Magnesium ion deprivation, or addition of substrate bicarbonate, protected RDPC for up to 6 hr during fructose starvation (Table 2 ). In addition, nitrogen starvation in the presence of fructose resulted in no loss in RDPC.
Since bicarbonate was found to spare RDPC from inactivation in starved cells derived from fructose growth, the question arose concerning the existence of the inactivating system in autotrophic cells. Autotrophically grown H. eutropha was therefore washed and resuspended in inorganic basal medium and then shaken in air at 30 C for 18 hr. Complete retention of RDPC activity was observed (Table 2) .
Experiments were also carried out with chloramphenicol to see whether protein synthesis was necessary for inactivation of RDPC. In one experiment, chloramphenicol (100 ,ug/ml) was added to log-phase, fructose-grown cells 20 min before they were harvested and resuspended in inorganic basal medium containing the antibiotic. In a second experiment, cells were exposed to chloramphenicol only after they had been harvested. The results of the latter experiment are shown in Table 2 22 hr. The factor in heterotrophicallyderived extracts that inactivates RDPC is heatlabile (Fig. 8) .
In vitro loss of RDPC activity in cell-free extracts of H. eutropha (13 mg of protein/ml) during a 22-hr period was not diminished by chloramphenicol (100 Ag/ml), actinomycin D (100 ug/ml), 2,4-dinitrophenol ( An inverse relationship between cytochrome content and oxygen tension has been observed in a variety of pseudomonads and denitrifying bacteria (16) . In the present work this relationship has also been observed. In addition, a parallel existence and disappearance of RDPC and cytochrome has been observed under a variety of conditions, suggesting some relationship between the two. It is tempting to speculate that the synthe- In most cases, when the formation of an enzyme is suppressed as a result of either the withdrawal of an inducer or the addition of a repressing compound, the enzyme already existing is not destroyed. Rather, it is lost only through dilution by cell duplication (30) . This was found to be the case for RDPC synthesis in H. eutropha grown under conditions of strong aeration. However, a different phenomenon was encountered in the rapid loss of activity when fructose-grown cells were cultured into the late exponential phase with low aeration. The rate of decline in the specific activity of RDPC was much more rapid than could be accounted for by dilution through new protein synthesis. A similar result has been obtained with Chromatium (13) .
This rapid loss of RDPC activity occurred in cells during approach to fructose limitation of growth, in cells starved of fructose after growth on fructose, and in cell-free preparations from fructose-grown cells. Loss in RDPC activity could not, however, be demonstrated in autotrophically derived cells either by starvation or in cell-free extracts. This suggests that the RDPC-inactivating mechanism is synthesized or is functional only as a consequence of heterotrophic growth. The possibility that a resistant and susceptible carboxylase are synthesized during autotrophic and heterotrophic growth, respectively, was ruled out in the mixing experiments (Fig. 8) .
In intact starving cells, disappearance of RDPC appeared to be an energy-dependent process. Addition of 1 mm 2,4-dinitrophenol afforded complete protection against destruction of RDPC during starvation for fructose. Similarly, effects of severe fructose starvation which destroyed enzyme activity under air could be prevented by an atmosphere of either pure N2 or H2. These three results indicated that loss in RDPC activity requires adenosine triphosphate (ATP).
That RDPC inactivation in vitro is the result of proteolysis was suggested by evidence for the involvement of a nondialyzable, heat-labile factor. Moreover, the observed protection by substrate parallels similar in vitro and in vivo phenomena that have been attributed to substrate protection of protein against proteolysis (3, 36, 39) . Results with intact starving cells using chloramphenicol suggested that a proteolytic system was not synthesized as a consequence of starvation. Instead, the inactivating system was latent and was "switched on" by conditions of fructose deficiency either during growth or starvation. We hypothesize that the inactivating system in vivo is proteolytic in nature. Indeed, the ability to demonstrate RDPC inactivation in vitro, with extracts derived from fructose-grown cells without prior starvation, is in accord with this hypothesis. Presumably, RDPC becomes accessible to intracellular proteases as a consequence of cell disruption.
It is difficult to rationalize the protection of RDPC during starvation exerted by 2,4-dinitrophenol, actinomycin D, streptomycin, and omission of Mg+2 in terms of the postulated proteolytic destruction. Perhaps these factors exert a secondary effect on a proteolytic system by affecting other processes essential to its activation or its action upon RDPC.
In this connection, ribosomal instability in glucose-grown, starving E. coli (5, 26) and P. aeruginosa (11) has been established. Latent ribosomal nucleases, which are activated by conditions that destroy the ribonucleoprotein particles containing them, have been reported in Escherichia coli (4, 9) . Indeed, the observed release into starvation medium of material absorbing at 260 m, by H. eutropha might partially reflect a similar process. Mandelstam has postulated that proteolytic enzymes might also be carried in a latent form by the ribosomes (20) . From these reports and our compatible results, one might speculate on the requirements observed here for RDPC inactivation. RDPC could exist in vivo as a stable deoxyribonucleoprotein complex. During severe starvation, latent nucleases and proteases would be released as a result of Mg+2-, energy-dependent intracellular alterations associated with ribosomal breakdown. Deoxyribonuclease would then destroy the normally stable RDPC-nucleic acid complex, thus sensitizing RDPC to protease or proteases, unless bicarbonate were present. In the presence of actinomycin D, the RDPC-deoxyribonucleic acid (DNA) complex would be refractory to partial degradation by deoxyribonuclease. Indeed, the inhibition of deoxyribonuclease by similar concentrations of actinomycin D to those used in the present study has recently been reported by Sarkar (34) . Streptomycin, which partially protects RDPC, and omission of Mg+2, which fully protects RDPC, are both known to favor the phenomenon of phage exclusion, which is thought to involve suppression of DNA degradation by deoxyribonuclease (38) . Speculation concerning the nucleoprotein character of RDPC is not totally without support. Purification of this enzyme from both H. eutropha and H. facilis suggests that it may well be asociated with some nucleic acid (G. D. Kuehn, unpublished observation). A similar property has been observed for the rice (27) , spinach, and tobacco leaf (8)) enzymes.
Our observation that decreased ATP production may spare RDPC is consistent with those of Mandelstam (19) and Pine (29) , who both reported that 2,4-dinitrophenol inhibited general protein degradation in E. coli during starvation. Moreover, anaerobiosis protects tryptophan pyrrolase from proteolytic inactivation in rat liver slices (36) . An inhibition of further metabolism of inhibitory, accumulating, low molecular weight products of proteolysis was proposed by Mandelstam to account for the effect of 2,4-dinitrophenol on protein breakdown (21) . While theconcept of proteolysis is attractive, the apparent involvement of ATP for RDPC inactivation is reminiscent of the enzyme-catalyzed, ATPrequiring, nonproteolytic alteration of glutamine synthetase (14) . Whether there is any parallel between these phenomena remains to be seen. It is impossible to assign a specific effect to magnesium ion in the present work. It may, however, be required for "release" or activation of the inactivating system, because RDPC degradation occurs in its absence in extracts. If RDPC indeed exists as a nucleoprotein complex in cells, cell disruption must sensitize the complex to direct proteolysis. Except for bicarbonate, none of the factors which preserved RDPC during starvation of intact cells diminished RDPC inactivation in extracts, thus suggesting that these factors interfered with "release" or operation of the inactivating system in vivo.
In conclusion, the experiments described here clearly establish two types of control that are exerted on RDPC in H. eutropha during growth on fructose: (i) repression, under conditions of high oxygen tension, and (ii) rapid inactivation, perhaps by proteolysis, under conditions of low oxygen tension and limiting fructose. The rapid RDPC inactivation process could be demonstrated in vivo and in vitro only after heterotrophic growth.
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